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ABSTRACT 

We investigate the morphology and the evolutionary stage of the hyper-compact H II region M17-UC1 using 
observations at infrared wavelengths and NIR radiative transfer modelling. It is for the first time resolved into 
two emission areas separated by a dark lane reminiscent of an obscuring silhouette caused by a circumstellar 
disk. The observational data as well as model calculations so far suggest that M17-UC1 is surrounded by a 
disk of cool dust. This direct detection of a circumstellar disk candidate around a hyper-compact H II region is 
in agreement with the expectations of the disk accretion model for high-mass star formation. 
Subject headings: stars: formation, circumstellar matter, pre-main sequence - open clusters and associations: 
general, individual (Ml 7) 



1. INTRODUCTION 

1.1. General motivation 

The hypothesis that high-mass stars form by accretion is 
supported by a number of indirect indicators like rotating 
molecular envelopes combined with bipolar outflows, gas in- 
fall or maser emission towa rds candidate high-mass protostel- 
lar objects (HMPOs) (e. g.lHo & HaschicMll986t iKeto et al l 
" ^TT988^ ICesaroni et all 1 19971 120051: IZhang & Holll997b 
iBeltran et all 12004 l2005t iKeto & W ood 



2006). Although it seems plausible that such rotating and 
collapsing configurations will eventually form a disk, the 
involved observations usually lack the spatial resolution to 
firmly verify such a claim. Presently, there is no convincing 
example of a direct detection of a circumstellar disk around a 
HMPO that can be studied to infer the details of the accretion 
process including the ionisation effects. Even the currently 
most p romising candidate, IR AS 20126+4104, must be ques- 
tioned: Sridhar an et al.l ((2005) report a bipolar structure, sim- 
ilar to what we present in this letter. However. ICesaroni et al.l 
(120051) recently revised its mass to a value that lies just below 
what is commonly accepted as "high mass". Furthermore, 
iHofner et al.l (Qj99) explained their detection of radio con- 
tinuum emission as shocked gas caused by a protostellar jet, 
although they also discussed free-free emission from ionised 
gas as a possible source. 



In the present study, we investigated the hyper-compact H II 
region (HCHII) M17-UC1 (see Sect.Ofor details). HCHII 
are commonly a ssociated with the earliest stages of high-mass 
star formation (iKurtzfeOOOllDe Pree et al.ll2005l) . They can be 
explained as a phase in early stellar evolution, when the high- 
mass star begins to ionise its molecular accreti on flow. In 
such a stage, ionisation and accretion can co-exist ( Ketol2003l 
2006). We used near-IR observations in order to i) overcome 
the strong extinction towards the source, and ii) utilise adap- 
tive optics techniques allowing for high spatial resolution. As 
a result, we find a bipolar structure reminiscent of a silhouette 
disk against a bright background as commonly found for low- 
mass protostars. Starting from this hypothesis, we perform 
radiative transfer modelling to verify this claim. 

1.2. The object: M17-UC1 

M17-UC1 was initially discovered as a com etary ultra- 
compact H II region by iFelli et all (119801 11984 . who sug- 
gested a B0 - B0. 5 ZAMS star as the ionising source pos- 
sessing a modelled Lyman continuum photon flux of ~ 2 x 



10 4 



It was later re-classified as a HCHII with broad 



(> 35kms _1 ) radio recombination lines and a rising spectral 
index of +1 betwe en 1.4 and 43 GHz (iJohnson et al.ll 19981: 
ISewilo et al.[]2004[) . A number of class II methanol masers 
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(Menten 1991) and hydroxy 1 masers (e. g. [Churchwell et al 
1990; iCaswelll \\99% IWalsh et all [l99l iForster & Caswell 
1999) are located in the vicinity of M17-UC1 being typical 

for the surroundings of high-mass protos tars. 

Within the positional accuracy of 5."7. lHarper et all d 19761) 
detected a strong compact 10.6 /im source (IRc2) coinciding 
with M17-UC1 with an SED suggesting the presence of hot 
dust. The IR flux was assumed to originate entirely from 
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FIG. 1 .— M17-UC1 as seen by NACO {Ks and U) and VISIR (SiC/iV). The central position is 18:20:24.82, -16:1 1:34.9 (J2000), the field size is 10" X 10". 
The 3cr contour of the Ks band flux is superimposed on all images. The locations of associated OH (x) and class II methanol masers (+) are indicated in the Ks 
band image. An enlargement (1"1 X 1"1) of the source is shown in the upper right corner. The inset in the VISIR image illustrates the intensity distribution 
across the bright inner emission. Black contours at arbitrary intensity values are shown for enhancement. The lower right panel is a RGB coded composite of the 
three images (blue: Ks, green: L' , red: N). 



M17-UC1 (FemeFaDIIIIi. When iFelli & Stangal dl987h 
observed M17-UC1 from 1.25 to 18.1 /xm, they also found 
an unresolved IR source which they attributed to the HCHII. 
However, they used the strongest K band peak as their posi- 
tional reference, whic h in fact is not M17-UC 1 but the nearby 
IR-bright star IRS 5 dChini & Wargaulll998l) . It is dominat- 
ing th e emission at JHK. Additional IR imag ing was carried 
out by iGiard et all (Il994h. IChini et all J2000) and [Jiang etaP 
(2002). Kassis et al.l (120021) characterised the source as a 
ZAMS B0 type surrounded by a shell of O.6-3.4M and a 
radius of less than 6600 AU. 

2. OBSERVATIONS AND CALIBRATIONS 

The JHKsL' adaptive optics imagi ng was carried out 
in June 2003 usin g NAOS/CONICA (iLenzen et all l200l 
iRousset et aD l2003h at the ESO VLT. The pixel resolution 
was 0."027, the limiting magnitudes are J = 20.6, H = 19.3, 
Ks = 18.4 and L 1 = 16.2. The photometric calibration was 
obtained from our ISAAC observations in September 2002 
(IChini et alj|2004t iHoffmeister et al.ll2006l) . We adjusted the 
astrometry in the JHKsL' images by referencing the NACO 



sources with the detections of the ISAAC data that were as- 
trometrically calibrated using the 2MASS database. With this 
procedure, we estimate a relative astrometric accuracy of bet- 
ter than ±0."1. 

The TIMMI2 (iReimann et all 19981) NIR/MIR imaging was 
carried out during 3 observing runs in July 2003, April 2004, 
and July 2005 at the ESO 3.6m telescope at La Silla, Chile. 
The observations covered the L, M, Nl, M0.4, Nl 1 .9 and Ql 
bands. A standard chopping and nodding technique was used 
with an amplitude of 10". All data are limited by diffraction 
with a FWHM of 0"7. 

M17-UC1 was imaged with VISIR (lLagage et al.ll2004h in 
May 2006 through the SiC filter. The pixel scale was 0"127 
resulting in a field-of-view of 32 "5 x 32. "5. A standard chop- 
ping and nodding technique in perpendicular directions with 
throw amplitudes of 15" was applied. The measured image 
quality (FWHM) of ~ 0.32" is limited by diffraction. The as- 
trometric calibration was achieved by fitting transformation 
equations between the NACO L' data and the VISIR data 
after identifying several point-sources visible in both wave- 
bands. Image restoration of the TIMMI2 and VISIR data 
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was achieved with the software MOPSI (maintained by R. W. 
Zylka, IRAM, Grenoble, France). The overall astrometric ac- 
curacy is demonstrated by the RGB coded KLN composite 
image presented in Fig.Q] 

The A" band spectroscop y was obtained in August 2004 with 
ISAAC (iMoorwoodl 19971) at a spectral resolution of 1500 and 
a slit width of 0."3. The spectroscopy of the N band silicate 
absorption feature was performed with TIMMI 2 at the ESO 
3.6 m telescope at La Silla, Chile in July 2003. The seeing 
was 0."7; the slit width was 1"2. 

3. RESULTS 
3.1. Morphology 

Fig. Q] displays the morphology of M17-UC1 at NIR and 
MIR wavelengths. On our images, M17-UC1 is barely vis- 
ible at H with a brightness of 17.83 ± 0.25 mag. Surpass- 
ing previous NIR studies, we resolve the source for the first 
time into two K band emission blobs, separated by 0."46 
at a position angle of 126° measured clockwise from north 
to south. A dark lane separates the two K band nebu- 
lae (Fig. Q3. The south-western emission has an elliptical 
shape of 0."9 x 0."5 (3er contour) and a pronounced peak at 
18:20:24.83, -16:11:35.0 (J2000) with a FWHM (full width 
at half maximum) of 0"19 x 0"13. The north-eastern emis- 
sion at 18:20:24.85, -16:11:34.7 (J2000) is more diffuse and 
has a size of 0."8 x 0"5. The integrated brightness of both 
blobs within a radius of 3600 AU is Ks = 13.1 mag, their in- 
tensity ratio is 10:1 (SW:NE). At L band, the source attains a 
spherical shape with a radius of ~ 1 "0 (3er contour) and an L' 
brightness of 6.1 mag within 3 600 AU. 

On previous MIR images (IChini et al.ll2000t iKassis et al l 
2002), M17-UC1 appeared as a point-like source with spheri- 
cally symmetric circumstellar emission. Our new N band data 
resolve M17-UC1 (see inset in Fig. [TJ. The peak brightness 
is centred on the south-western K band peak, and shows an 
elongation with a FWHM of 0."7 x 0"5 towards northeast be- 
ing compatible with with north-eastern K band peak. We de- 
rive a flux density of 29.87 ± 0.13 Jy for the central compact 
source. The total circumstellar emission (~ 5" x 3") is rela- 
tively complex with a noticeable extent to the northwest. It 
adds another 3.52 Jy to the total flux density. 

3.2. Spectral appearance 

Our K band spectrum (not shown) of M17-UC1 includes 
both nebulae and shows an extremely red continuum caused 
by hot dust. Apart from the Br7 line emission, which most 
likely originates from scattered photons emitted by the gas 
inside the HCHII, the spectrum appears featureless. 

In the N band, M17-UC1 displays a deep silicate feature 
(Fig. 13; its existence was already suggested by ea rlier photo- 
metric data (lHarper et al.lll976t IKassis et al.ll2002l) . This ab- 
sorption indicates the presence of cool dust along the line of 
sight towards M17-UC1. Using the st andard relatio n for con- 
verting optical depths of Ty ~ 17 . re, 7 (jKrugel 2003), we infer 
a visual extinction of about 40 mag. The luminosity between 
1.6 and 20 /im corrected for extinction is 1.1 x 1O 4 L being 
consistent with an early B-type star. All our broad-band pho- 
tometric data from previous epochs that were obtained with 
different filters trace the shape of the silicate absorption fea- 
ture fairly well. This r ules out possible MIR flux variations 
that were suggested by Nielb ock et al.1 (120011) . Although our 
broad N band imaging filter also includes the silicate feature, 
we only see the extended warm emitting dust in Fig.Q] 
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FIG. 2.— SED of M17-UC1. The data were obtained between 1999 and 
2006. The red solid line is the MIR spectrum of the silicate absorption feature 
at 9.7 fim. The inset is a zoom into the spectrum. A continuum fit of two 
black-body components with formal colour temperatures of T = 425 K and 
225 K is shown as a dotted line. 

4. DISCUSSION 
4.1. Observational evidence for a disk 

The symmetric absorption pattern of M17-UC1 in the 
K band along with the perpendicularly scattered light 
nebulosities on both sides very much resembles the ap- 
pearance of young low-mass stars with circumstellar 
disks (e.g|M cCaugh rean & O'deUll 1 996t , iPadgett et"aT] |1999h 
Brand ner et al.ll2000t iGrosso et alj|2003l) . This view is sup- 
ported by the morphology of theoreticall y derived syntheti c 
images of protostellar disks presented bv lStark et al.l d2006l) . 
These images are based on varying disk radius and accretion 
rate, among which one can find suiting representations of the 
Ks image of M17-UC1. In addition, the class II methanol 
masers that are located in the general direction of the sup- 
posed disk support our conjecture. 

Apart from the almost uniformly extended L and N band 
emission one would expect to see the supposed disk to be 
emitting strongly in the MIR, too. Nevertheless, there must be 
cool dust inside the disk as witnessed by the silicate absorp- 
tion feature. We interpret the elongated shape of the central 
MIR emission perpendicular to the disk orientation as scat- 
tered light from the central source. Due to the lower optical 
depth, however, the MIR disk emission is veiled by the silicate 
absorption and scattered MIR photons. At larger distances 
from the HCHII, we see a warmer and less dense envelope 
strongly emitting in the MIR. 

Interestingly, stellar MIR emission is not necessarily at- 
tributed to disks, but can also originate from the walls of out- 
flow cavities where t he ambient inters t ellar m edium interacts 
with the gas stream dDe Buizerll2006l 12007). In fact, the K 
band nebulae could also be dominated by emission from an 
outflow with a wide opening angle. In this case, the narrow 
waist would indicate a small disk that restricts the outflow 
in these directions. However, our K band spectrum does not 
show any hints for shocks or outflows, so we discard this in- 
terpretation. 

4.2. Model calculations 

We have modelled the 2.2 /im radiation with a star-disk 
system using a 3D r adiative transfer code described by 
ISteinacker et al.1 (120061) . The star was assumed to have T e s = 
30 000 K. The disk has a radial power-law density profile with 
an exponential atmosphere above and below the disk mid- 
plane like 
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FIG. 3.— Model fit of M17-UC1. Left: Original & band image. Centre: 
Disk model inclined at 30° as discussed in the text. Right: Scattered light 
image at 2.2 fim from a filament in front of a BO star. The filament has a 
diameter of about 3000 AU and a distance of 5000 AU to the star, the dust 
properties are identical to those of the disk model. 
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with r = Vx 2 +z 2 , where no is the number density normal- 
isation, h the scale height, ro the inner radius, and r\ the 
outer radius where the disk vanishes. The K band image 
with the triangular absorption is well represented by parame- 
ters n A = 10 4 m" 3 , a = 1.3, h = 0.2, r = 20 AU, r x = 1000 AU 
(Fig.0 and standard 0.12 /xm-sized silica te dust particles with 
opacities taken from lDraine & Leel (119841) . 

The inclination of the disk is about 30° (edge-on = 0°). We 
obtain a lower mass limit of 4 x 10~ 4 M© from the scattered 
light that only probes the surface of the disk. A similar mass 
limit is derived from the extinction that blocks the stellar light 
at 2.2 /im. Of course, more mass can be hidden in the inte- 
rior of the disk without affecting the appearance of the object. 
Likewise, for a mildly edge-on disk, additional dust could re- 
side outside the scattered light pattern. 

We have also carried out radiative transfer calculations for 
the alternative scenario of a dusty filament that is unrelated 
to M17-UC1. We modelled dust configurations of differing 
sizes and masses located at various distances in front of the 
star. In contrast to the observed morphology, the scattered 



light generally extends farther out along the filament, and the 
intensity ratio between the strong south-western peak and the 
faint north-eastern peak cannot be reproduced satisfactorily 
(Fig. [3). Therefore, the radiative transfer calculations also 
favour the disk model over the filament model. 

5. CONCLUSION 

We have presented new NIR and MIR observations of the 
hyper-compact HII region M17-UC1. As a prominent fea- 
ture, the Ks band image shows a dark lane in scattered light 
producing a substantial silicate absorption feature observed in 
the MIR. Analysing the image with radiative transfer models, 
we find the best agreement by assuming a disk-like structure 
around the central source instead of a foreground filament. 
For this reason and because of the "high mass" nature of the 
embedded star as determined by many independent measure- 
ments, we suggest that M17-UC1 might be the first doubtless 
candidate of a HCHII where at least parts of a circumstellar 
disk are still present. 
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